ABSTRACT. Apricot is a staple stone fruit crop cultivated in Southern Xinjiang of China. This crop is important for the rural communities, as they generate significant employment and income. Here, seventy-eight apricot genotypes, including seventy-six common apricots (Prunus armeniaca L.) and two purple apricots (Prunus dasycarpa Ehrh.), were mainly collected from Aksu, Kashgar, Hetian and Bayingolin. Start Codon Targeted (SCoT) markers and ITS (internal transcribed spacers) sequences were used to investigate the genetic diversity and species identification respectively. Based on POPGENE showed that apricot cultivars from Aksu group exhibited the highest genetically diverse as compared with other groups, cluster analysis of SCoT markers (basede on UPGMA and PCoA method) showed that these apricot cultivars could be divided into three major clusters, which was in agreement with their geographic distribution and pedigrees. It was indicated that there were possible three primary diversity centers in the area: Aksu, Kashgar and Hetian, and also possible introgression among these populations. Furthermore, based on the complete ITS sequences, the phylogenetic analysis showed that P. dasycarpa clustered separated from other the section armeniaca of species. Therefore, it was proposed that P. dasycarpa would be a hybrid species. Our results indicated that SCoT markers are informative and could be used to evaluate genetic diversity of apricots, and ITS could be used effectively to identify P. dasycarpa. These results will provide much more useful information for the native apricots protection and utilization strategies. 
INTRODUCTION
Apricot (Prunus armeniaca L.; 2n=2x=16) is an important stone fruits, plays a crucial role in the economic and environmental context in the rural communities of Southern Xinjiang in China. It belongs to the section Armeniaca (Lam.) Koch in subgenus Prunophora Focke, genus Prunus L., family Rosaceae (Rehder, 1949) . According to the morphological classification system, the number of apricot species ranges from 3 to 12. Usually, six distinct species are recognized: common apricot (P. armeniaca L.), Briancon apricot (P. brigantina Vill.), Manchurian apricot (P. mandschurica (Maxim.) Koehne), Japanese apricot (P. mume (Sieb.) Sieb. & Zucc.), Siberian apricot (P. sibirica L.), and purple or black apricot (P. dasycarpa Ehrh.). Besides, cultivated apricot commonly referred to the common apricot (P. armeniaca L.) can also be classified into six main eco-geographical groups: the Central Asia group, the Irano-Caucasia group, the European group, the Dzhungar-Zailij group, the North China group and the East China group (Layne et al., 1996) .
In China, South of Xinjiang, namely the south area of Tianshan Mountains, including Tarim Basin, Kunlun Mountain Range, as well as Turpan Depression and so on. It mainly includes four regions Aksu, Kashgar, Hetian and Bayingolin in Fig. 1 . Owing to the practice of seed propagation and self-incompatibility, South of Xinjiang exhibits abundant apricot resources and highly diversified. It is one of the oldest in the Central Asia group due to its unique location on the historic Land Silk Road (Zhebentyayeva et al., 2012; Zaurov et al., 2013) . The most of them are named after a person or a place or according to the fruit characteristics. P. armeniaca and P. dasycarpa are cultivated widely in South of Xinjiang, especially the P. armeniaca, some with the sweet kernels, that vary tremendously in size, shape, color, flavor, glabrous skin and so on. It is difficult to identify species due to the large phenotypic variability and the lack of diagnostic characters. Besides that, some landraces and cultivars are faced to be disappearing due to being replaced by more profitable apricot which meet the market demands. Therefore, the study of the genetic diversity and species identification is very necessary for the protection and utilization of the ancient apricot resources. Understanding the genetic background and phylogenetic relationship of the native apricots is important to conservation and utilization strategies. Many molecular markers have been used to evaluate phylogenetic relationship and genetic diversity, such as SSR (Hormaza, 2002; Khadivi-Khub et al., 2015) , ISSR Li et al., 2014) , AFLP (Hagen et al., 2002) , SRAP (Li et al., 2014) . A part of the apricot resources in Xinjiang has been analyzed by using SSR , AFLP (Yuan et al., 2007) and ISSR Liu et al., 2016) . In recent years, the start codon targeted (SCoT) polymorphism technique appears to be widely used for it provides more genetic information (Collard & Mackill., 2009) . SCoT markers have been successfully applied on Dimocarpus longan , Vitis vinifera (Guo et al., 2012) , and Myrica rubra (Chen & Liu., 2014) . Nevertheless, it has not been used to analyze the genetic diversities of apricots. Besides, many studies have shown that the sequences of Internal transcribed spacer (ITS) region appear to be effective in the identification of classification Prunus species (Lee et al., 2001; Shi et al., 2013; Zhao et al., 2016) . Thus, in this study, ITS sequence is used to identify P. armeniaca and P. dasycarpa.
The aim of the present study was to assess the genetic diversity and relationships of 74 accessions of P. armeniaca and 2 accessions of P. dasycarpa from Southern Xinjiang China by SCoT markers. Meanwhile, ITS sequence as molecular markers to classify the local P. armeniaca and P. dasycarpa.
*
" Noted that two materials belong to P. dasycarpa Ehrh.
MATERIALS AND METHODS

Plant materials and DNA extraction
A total of 78 genotypes were used for the diversity analysis with SCoT markers, and 10 of the genotypes were selected for the phylogenetic relationship with ITS sequences. Among them, 76 apricots are originated from Southern Xinjiang (Fig. 1) , the other two cultivars come from the North China group. All of them from the National Field GenBank for Particular Fruit Tree of Xinjiang (Luntai County, Bayingolin). Details of sample code and further information were summarized in Table 1 . Young leaves were dried by silica gel. Total genomic DNA was extracted using CTAB method with minor modifications (Doyle, 1990) . DNA were checked by agarose gel and ultra-micro UV spectrophotometer (Syngene, USA).
PCR amplification of SCoT markers
Polymerase chain reaction (PCR) amplification of SCoT molecular markers was carried out according to the previous study (Guo et al., 2012) . PCR cycling conditions were: pre-denaturation at 95 °C for 3 min, followed with 30 cycles of denaturation at 95 °C for 15 s, annealing at 55 °C for 60 s, and extension at 68 °C for 60 s, and a final extension at 72 °C for 5 min. The amplified products were separated by 1.5% agarose electrophoresis in 1×TBE buffer, photographed with a Gel Documentation System (Syngene, USA).
Amplification and sequencing of ITS
The ITS region (ITS1, 5.8S nuclear ribosomal RNA gene and ITS2) was amplified with the primer pair ITS5 (5'-GGA AGT AAA AGT CGT AAC AAG G-3') and ITS4 (5'-TCC TCC GCT TAT TGA TAT GC-3') (White et al., 1990) . Polymerase chain reaction (PCR) amplification of ITS region was carried out according to the previous study (Tang et al., 2015) . The ITS region was determined by directly sequencing the amplified products of the common apricot, while it was identified by cloning strategies for the PCR products of two purple apricots. For the cloning, the purified amplicons were ligated into the pMD19-T vector (TaKaRa, Japan) and transformed into Escherichia coli DH5α competent cells. At least 5 positive clones from each amplicon were sequenced with the universal primers. All the sequences have been deposited to GenBank (https://www.ncbi.nlm.nih.gov/genbank) with the accession numbers KX890449 to KX890460 (Supplementary Table 1 ).
Data analysis of SCoT markers
The strong and well-separated bands were selected for the scoring and further recorded as either 1 (Present) or 0 (Absent). To measure the effectiveness of the SCoT markers, the capacity of the primers in distinguishing genotypes was evaluated by calculating the resolving power (Rp) for the SCoT primer. Four parameters were calculated, including the total number of bands (TNB), the number of polymorphic bands (NPB), the percentage of polymorphic bands (PPB), the polymorphic information content (PIC). The effective multiplex ratio (EMR) was defined as the number of polymorphic markers generated per assay, and the diversity index (DI) was calculated as the average PIC value. Genetic diversity was evaluated by the program POPGENE 1.32 (Yeh et al., 1997) . Various other indicators were also calculated, including the percentage of polymorphic bands (PPB), the number of polymorphic loci (Np), the effective number of alleles per locus (Ne), the observed number of alleles per locus (Na), Nei's gene diversity (H), and Shannon's information index (I) (Nei, 1973) . Genetic similarity between accessions was calculated based on the Jaccard coefficient using the SIMQUAL subprogram of the NTSYS-PC Version 2.10e (Exeter Software, Setauket, NY, USA) (Rohlf, 2000) . Cluster analysis was performed using the unweighted pair group method with arithmetic mean (UPGMA) in the SAHN subprogram. Principal coordinate analysis (PCoA) was performed based on the Nei's genetic distance using the NTSYS--PC software package.
Sequence alignment and phylogenetic analysis
The complete ITS sequences acquired per accession were aligned and analyzed with MEGA 6.0 (Tamura et al., 2013) . The Clustal-W software (Larkin et al., 2007) was applied for multiple sequences alignment. Other related sequences were downloaded from GenBank (Supplementary Table 1 ).
Phylogenetic analyses were performed by using neighbor-joining (NJ) method (Tamura et al., 2013) with the data matrices of ITS region. The sequence divergence between the taxa was calculated by the Kimura 2-parameter (K2P) model (Kimura, 1980) , and the gaps or missing data were treated with the pairwise-deletion option. The NJ trees were obtained by using the p-distance model (Kimura, 1980) . All runs were done with 1, 000 bootstrap replicates to test the branch support levels (Felsenstein, 1985) . In addition, Japanese plum was placed as an outgroup in the analysis.
RESULTS
Polymorphism of SCoT markers
A total of 36 SCoT primers were screened, of which 24 with high reproducibility and abundant polymorphism were selected for genetic diversity studies in Table 2 . Altogether, 228 stable and clear bands were obtained, including 213 polymorphic bands. The percentage of polymorphic bands for each marker varied from 70% (SCoT15) to 100% (SCoT1, 4, 12, 13, 14, 15, 17, 19, 21, 24, 30, 31, 32) 
The genetic diversity analysis
The genetic diversity of 68 apricot genotypes was assessed by Shannon's information index (I), Nei's gene diversity (H) and the percentage of polymorphic bands (PPB). At the species level, H was 0.2868, I was 0.4380 and PPB was 93.42%. At the group level, the Aksu group showed the highest genetic diversity (H = 0.2612, I = 0.4003, PPB = 85.09%) among the four areas of Southern Xinjiang (Table 3 ). The diversities from Hetian and Kashgar groups were lower than that from Aksu group while higher than that from Bayingolin group. Based on these parameters, the Bayingolin group showed the lowest genetically diversity among the four groups. Overall, the data collectively illustrated that the apricots exhibited high genetic diversity in the Aksu group.
Np: the number of polymorphicloci bands; PPB: the percentage of polymorphic bands; Na: the observed number of alleles per locus; Ne: the effective number of alleles per locus; H: Nei's gene diversity; I: Shannon's information index.
Genetic relationship of the native apricots
Based on the SCoT data, genetic similarity values ranged from 0.62 to 0.89 in Fig. 2 , the lowest similarity coefficient between them indicated that considerable genetic difference existed among all of P. armeniaca and 'zixing'. The highest Jaccard coefficient suggested that the 'Luntaixiaobaixing', and the 'Kuerlatuoyong' were of similar genetic composition. The dendrogram clearly revealed that almost all of the studied accessions were organized into three distincts clusters at a coefficient of > 0.62 in Fig. 2 . ClusterⅠwas the most complex, with the most of common apricot and it was further divided into two mainly subgroups; one subgroup comprised 13 cultivars from Aksu ('Huangqiligan', 'Kezijianali', 'Kebakeximixi', 'Dabaiyouxing', 'Suluke', 'Yahelikeyuluke', 'Akedalazi', 'Sailaikeyuluke', 'Kezidalazi', 'Kalayuluke', 'Lajiaoxing', 'Keziximixi', 'Kuchetouyong'). The other subgroup was composed by 13 Aksu apricots, 17 Kashgar apricots, 20 Hetian apricots, 5 Bayingolin apricots. Meanwhile, clusterⅡincluded two apricot cultivars and one purple apricot. Cluster Ⅲ, there was only one purple apricot 'Zixing', suggesting its distinct genetic background with other genotypes. Table 3 . Genetic diversity indexes among the different apricot groups in this study The genetic divergence among the 78 apricot genotypes were further graphically elucidated by theprincipal coordinate analysis (PCoA) scatter plot in Fig. 3 . In general, similar results were found as obtained with the UPGMA dendrogram. These results indicate that the possible existing of three centers of diversity in Southern Xinjiang: ClustersⅠ(Aksu), ClustersⅡ(Kashgar) and Clusters Ⅲ (Hetian). The most of them are consistent with their genetic origin and geographic distribution, as well as the existence of introgression among the populations in Fig. 3 . Similarly, the Aksu group displayed the highest genetic variation. The distant 2 members of P. dasycarpa and 2 members of the North China group and all members of the rest of the native apricots, and they were distinct from the others. 
Sequence and Phylogenic analysis
Sequences of ITS were generated for the 8 investigated accessions of P. armeniaca and 2 accessions of P. dasycarpa ('Zixing' and 'Aliwala'). The other 17 accessions of five species were obtained from NCBI GenBank (https://www.ncbi.nlm.nih.gov/genbank) (Supplementary Table S1 ). The final alignments consisted of 609 -631 aligned positions of the ITS region, of which 21 were of variable sites, and 15 were parsimony informative. Two sites of the aligned sequences involved gaps. In particular, among the studied two purple apricots, showed a 22-bp indel was also found at 518 in the multiple sequence alignment. Thus, two lengths of sequences (609 bp and 631 bp for both 'Zixing' and 'Aliwala') were used in the following analysis.
Basing on the NJ trees of complete ITS region in Fig. 4 , the studied 27 accessions could be divided into two clusters. ClusterⅠcould be splitted into cladeⅠand cladeⅡ. CladeⅠcontained all the studied P. armeniaca, P. mandschurica, P. holosericea, P. sibirica and P. dasycarpa (KX890449 and KX890452). However, CladeⅡ comprised all the P. mume. CladeⅠand cladeⅡ were included in a monophyletic group, which meant that they shared the same ancestor. ClusterⅡonly contained the ITS sequences of 2 members of P. dasycarpa ('Zixing'KX890450 and 'Aliwala'KX890451), and they are always clustered separated from other species with 100% bootstrap. ITS sequences were more conservative which contained a little informative sites in species level, except for 2 members of P. dasycarpa ('Zixing' and 'Aliwala'). According to their origin and ecological distribution, the most of them have similar ITS sequences, such as 6 members of native apricots and 2 accessions of North China apricot and P. holosericea and P. sibirica, included P. mume. In addition, ITS sequences are inherited by parents, and the sequences of parents are often expressed in hybrid progenies (Du et al., 2010; Rauscher et al., 2002) . Two different ITS sequences of each purple apricot strongly supported that P. dasycarpa is a hybrid species.
DISCUSSION
Polymorphism analysis of SCoT markers and ITS
Since the development of SCoT markers (Collard & Mackill., 2009) , It has been successfully employed in genetic studies of other plants and proved to be a very efficient dominant marker (Guo et al., 2012; Chen & Liu, 2014) .
In this study, we used SCoT markers to investigate genetic diversities of the native apricots in Southern Xinjiang. Based on SCoT markers, the polymorphism information of native apricot cultivars was 93.42%, which was remarkably higher than AFLP markers (72.70%) in previous study (Yuan et al., 2007) . Likewise, SCoT markers exhibited high polymorphism information according to previous reports on other plants (Guo et al., 2012; Chen & Liu, 2014) . Also, this is the first study of the apricot genetic diversity in Southern Xinjiang by SCoT markers. SO far, and the results showed that SCoT markers are much more effective for illustrating genetic relationships among apricot cultivars.
In our study, the polymorphism of ITS sequences within these studied species could be successfully detected. Meanwhile, the variation of the ITS data can be used effectively to identify P. dasycarpa. As shown the phylogenetic tree in Fig. 4 , CladeⅠand cladeⅡwere sister clades, which meant that these species share the same ancestor. Shi et al. (2013) and Lee et al. (2001) reported the similar phenomenon about Prunus sensu. Based on ITS sequences, It was difficult to precisely discriminate all the studied taxa based on the only 21 informative sites in ITS region. Further revealed that ITS sequences were more conservative and seemed to evolve much slower in species level. Many apricot cultivars (included the native apricots and the North China group) possessed remarkably different the phenotypic traits, such as the characteristics of leaf, flower and fruit. The diversity of apricot cultivars is a result for the adaptation of the variational environment in the evolutionary process. Our conclusion agreed with Decroocq et al. (2016) , that cultivar apricots likely underwent two independent domestication events, with bottlenecks, from the same wild population.
Genetic diversity and relationship of the native apricot
Southern Xinjiang, due to its special location, one of primary genetic center of apricots, contains the oldest and most highly diversified apricot resources (Vavilov, 1951; Zaurov et al., 2013) . Previous studies of apricot in Xinjiang (or Xinjiang Province included) supported that there was a high level of genetic diversity of apricot (Yuan et al., 2007; Zhang et al., 2014; Li et al., 2014) . This study demonstrated different parameters to evaluate the genetic diversity of apricots in Southern Xinjiang. Our work, cultivars 'Cuheiyexing', 'Xiheiyexing' and 'Zaoshuheiyexing' are closely related, which were similarly proved by pervious study using ISSR and SRAP markers (Li et al., 2014) . Additionally, 'Luopu No.1' and 'Luopu No.2' were more clearly distinguished from each other compared to previous work (Yuan et al. 2007 ). Interestingly, 'Luntaixiaobaixing', as a well-known cultivar extensively cultivated in Bayingolin, was unable to be differentiated from and 'Kuerlatuoyong', we suggesting that they are synonymous cultivars.
Amongst Southern Xinjiang area, the genetic diversity parameters of Aksu group was the highest, which were consistent with previous study of genetic diversity in Kuche (a county of Aksu) population reaching to the highest genetic diversity among Kashgar and Hetian populations (Yuan et al., 2007) , suggesting that Aksu might be an ancestral region. Considering the peculiar natural environment with Tian-Shan Mountains and the Kunlun Mountains surrounded, there have been natural barriers to prevent the spread of apricot germplasm due to surrounding Takla Makan Desert. The practice of seed propagation and self-incompatibility were lead to its differentiation and genetic diversity. Meanwhile, Bayingolin group exhibited the lowest genetic diversity parameters (H = 0.1436, I = 0.2126, PPB = 38.60%). The low genetic diversity parameters may affected by endangered apricot cultivars (smaller sample size). A larger sample size will draw more accurate conclusions. However, the results may provide a reference to further study the genetic diversity of cultivated apricot and breeding.
The identification of apricots species
Many studies on the phylogeny of the section Armeniaca were reported and different conclusions were suggested. So far, this situation reflected the complexity of the section Armeniaca. DNA sequences could provide deep insight into evaluation of genetic polymorphism. Obviously, ITS sequence was one of the most important molecular markers to reveal the phylogenetic of the section Armeniaca. In previous study, P. dasycarpa was suggested that it belonged to a hybrid species between common apricot (P. armeniaca) and cherry plum (P. cerasifera) (Zhebentyayeva et al., 2012) . Simultaneously, Hagen used AFLP to study the genetic diversity of apricot species and pointed that P. dasycarpa was intermediate between P. brigantiaca and P. mume (Hagen et al., 2002) . Furthermore, such as SSR , ISSR and SRAP marker (Li et al., 2014) reported P. dasycarpa is the most distant from all the other apricot accessions. In our study, the results showed strongly supports that P. dasycarpa was a hybrid. It was proved by 'Aliwala' and 'Zixing' displayed two of different ITS sequence and the phylogenic relationships (Fig. 4) . The individuals of P. dasycarpa clustered together and clearly distincted from other related species by both SCoT marker and ITS sequences (in Fig. 2 and Fig. 4 ) . The high level genetic differentiation detected among apricot accessions could be attributed to different geographical regional adaptation of accessions, reproductive mode, hybrid introgressions, or evolutionary history. Obviously, Genetics and Molecular Research 17 (1): gmr16039874 if more genetypes were included in the analysis, and the more genome sequences or the whole genome information of the section Armeniaca were analyzed, the precise contour of phylogenic would be clear.
In conclusion, SCoT markers successfully evaluated genetic relationships and provided detailed information on genetic diversity of apricot cultivars in Southern Xinjiang China. The most of apricots genetic variability occurred intra-group in Southern Xinjiang and Aksu group displayed relatively primitive diversity center, which exhibited highest genetic diversity compared with other groups. Meanwhile, ITS sequences results was effectively to identify P. dasycarpa and suggested it is a hybrid-origin species. Our work provide some clues in the study of controversial species and will be helpful in the germplasm conservation, breeding, and genetic diversity study of apricots in the future.
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